The Modular Neutron Array (MoNA) was used in conjunction with a large-gap dipole magnet (Sweeper) to measure neutron-unbound states in oxygen isotopes close to the neutron dripline. While no excited states were observed in 24 O, a resonance at 45(2) keV above the neutron separation energy was observed in 23 O.
INTRODUCTION
Measurements of excited states are important for the understanding of nuclear structure. Traditional γ-ray spectroscopy yields high-resolution data on the level structure of excited states. However, very neutron-rich nuclei approaching the neutron dripline have only a few, if any, bound excited states that can be studied with γ-ray spectroscopy. For these nuclei, unbound excited states can be explored using the method of neutron decay spectroscopy [1, 2, 3, 4, 5] .
A collaboration of ten colleges and universities designed and constructed the large area Modular Neutron Array (MoNA) in order to study neutron-unbound states in ToF (ns) counts FIGURE 1. Time-of-Flight (ToF) spectrum measured in MoNA. The top curve was taken with a thick stopping target while the lower curve was taken with the production target and was gated by 22 O fragments.
neutron-rich nuclei [6, 7, 8, 9] . The construction of the array was a novel approach to involving undergraduate students in forefront nuclear physics research [9, 10, 11] . Undergraduates built the individual modules at their home institutions and helped assemble the array at the National Superconducting Cyclotron Laboratory (NSCL).
The goal of one of the first experiments with MoNA was the search for excited states in neutron-rich oxygen isotopes. The dripline nuclei 23 O and 24 O do not have any bound excited states [12] and the excitation energies of the first excited states in these nuclei are directly related to the size of the emerging N = 14 and N = 16 shell gaps [13, 14, 15] .
EXPERIMENT
The excited states of the oxygen isotopes 23 O and 24 O were populated by a two-proton knockout reaction from a 26 Ne secondary beam. Neutrons were detected with MoNA around zero degrees and the fragments were deflected by the Sweeper, a large-gap dipole magnet [16] , into a set of charged-particle detectors that provide position and angle information as well as particle identification [17] . Details about the production of the 26 Ne beam and the experimental setup have been described elsewhere [8, 17, 18, 19] .
The decay energies of excited fragments were reconstructed by the invariant mass method from the measured oxygen and neutron energies and the opening angle between the oxygen and the neutron. The angle and energy of the fragments were ion-optically reconstructed from the magnetic field of the Sweeper using the position and angle information recorded by the detectors located behind the Sweeper [20] . The neutron energy was calculated from the time-of-flight (ToF) and the neutron angles were determined from the location of the first interaction within MoNA. The known distance between the target and MoNA, the speed of light, and the location of this peak were used for the absolute ToF calibration. In addition to the prompt γ peak neutrons at a ToF corresponding to the beam velocity are present. The neutron peak shows a long tail towards longer ToF originating from neutrons produced in more dissipative collisions.
The lower curve was recorded with the production target in coincidence with 22 O fragments measured in the charged-particle detectors behind the Sweeper. Only beam velocity neutrons corresponding to neutrons emitted from the intermediate 23 O fragment are observed and the slower neutron tail is not present. A few remaining γ rays were eliminated by the requirement that the first interaction of a neutron fragment coincidence had to occur after 40 ns.
The angle of the neutrons was determined from the position of the first neutron interaction within MoNA. Figure 3 shows the reconstructed decay energy spectrum of 23 O (top) and 24 O (bottom). The 24 O spectrum can be described with a non-resonant background distribution shown by the solid line. The fit (solid line) to the 23 O includes a sharp resonance at 45(2) keV in addition to background contribution (dashed lines). The absence of any resonances in 24 O and the observation of only one resonance in 23 O can be explained by describing the two-proton knockout as a direct reaction. Further details about the interpretation of the data are given in references [18, 19, 21] . The level diagram for 23 O shown in Figure 4 summarizes the current knowledge of this neutron-rich isotope. The present data and the results from reference [22] are compared to shell model calculations using the USDA interaction [23] . The third excited state has been interpreted as an intruder state which is not included in the USDA model space. The good agreement of the positive parity states confirms the large separation of the d 5/2 , s 1/2 and d 3/2 orbitals. 23 O. USD shell model calculations [23] are compared to the results from the present experiment (first excited state) and reference [22] (second and third excited states).
RESULTS

CONCLUSION
The Modular Neutron Array was successfully used to observe the first excited state of 23 O. In combination with the large-gap sweeper magnet, the setup can be used to measure many excited states that are not accessible with other techniques [18] . In addition, the ground-state properties of nuclei beyond the dripline can be explored. In a first experiment the mass and decay width of 25 O has been measured recently [24] .
